IMPORTANCE Cognitive decline is a major cause of disability in stroke survivors. The magnitude of survivors' cognitive changes after stroke is uncertain.
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Over the last 2 decades, age-standardized years lived with disability rates increased by 40% for stroke-the only major disease to show a significant increase in this important disability measure. 2 Disability due to stroke is a major driver of health burden and costs for families, health care systems, and public programs such as Medicare and Medicaid. 2 Cognitive impairment after stroke is a major contributor to this disability, 3, 4 and its prevalence has increased sharply in older adults. 5, 6 Despite its enormous social and economic burden, poststroke cognitive impairment has been called a "neglected consequence of stroke." 7 Although stroke is associated with acute cognitive decline, 3 it is unclear whether stroke survivors acquire a faster rate of cognitive decline over the years following the event (ie, slope) compared with the prestroke rate of cognitive decline, after accounting for the acute cognitive decline at the time of the event. 8 While cognitive decline over the years before stroke is common 9 and is associated with poststroke cognitive decline, 10 most studies of stroke cannot measure actual changes in the rate of cognitive decline associated with stroke because they lack measures of patients' prestroke cognitive changes or use proxy-reported measures. [10] [11] [12] [13] [14] Moreover, most studies of stroke have not measured both the acute decline in cognitive function at the time of the stroke and the change in the rate of cognitive decline over the years after stroke simultaneously. 15 One study 9 suggests that stroke causes an acute decline in cognitive function at the time of the event but does not cause faster cognitive decline over the years following the event.
We hypothesized that stroke causes an acute decline in cognitive function at the time of the event and also faster cognitive decline during the years following the event.
Methods

Study Design, Participants, and Measurements
The Reasons for Geographic and Racial Differencs in Stroke (REGARDS) study is a prospective cohort study of 30 239 nonHispanic black and white individuals examining regional and racial influences on stroke mortality. 16 Details are described elsewhere. 16 Briefly, participants were enrolled between 2003
and 2007 using commercially available lists and a combination of mail and telephone contacts to recruit Englishspeaking, community-dwelling adults 45 years or older who were living in the continental United States. Race and sex were balanced by design, with oversampling of the Southeastern United States. Race was self-reported. Baseline data collection included computer-assisted telephone interviews gathering demographic information, medical history, and health status. In-home examinations by trained health care professionals following standardized, quality-controlled protocols collected blood and urine samples, electrocardiograms, blood pressure, height and weight measurements, and medication use by pill bottle review. Blood and urine samples were centrally analyzed at the University of Vermont.
Participants or their proxies were followed up every 6 months by telephone with retrieval of medical records for reported hospitalizations. For this study, we followed up participants through March 31, 2013 . To control for prestroke cognition, we required all participants to have a baseline measurement of each outcome. We excluded participants with baseline cognitive impairment, defined as a Six-Item Screener (SIS) score less than 5. This cut point is a valid measure of cognitive impairment in community-dwelling black and white adults. 17 We required that participants with incident stroke have 1 or more cognitive measurement after stroke. The study was approved by the institutional review boards of all participating institutions, and all participants provided written informed consent. The SIS assesses global cognitive function and can detect cognitive dysfunction in older patients experiencing acute medical illness. 26 The SIS consists of 3-item recall and 3-item temporal orientation (score range, 0-6). 17 The CERAD WLL measures new learning (score range, 0-30) and the WLD measures verbal memory (score range, 0-10). The AFT assesses executive function (complex cognitive processing used in problemsolving or complex action sequences), with scores representing number of animals generated in 1 minute. For all cognitive tests, higher scores indicate better performance. Cognitive data were provided only by self-respondents.
Cognitive Function Assessments
Measurement of Incident Stroke
Incident strokes were adjudicated by a team of experts who used published guidelines and reviewed medical records. 27, 28 Stroke events were defined as "rapidly developing clinical signs of focal, at times global, disturbance of cerebral function, lasting more than 24 hours or leading to death with no apparent cause other than that of vascular origin" (World Health Organization). 27, 29 Events not meeting this definition but characterized by symptoms lasting less than 24 hours and with neuroimaging consistent with acute ischemia or hemorrhage were classified as "clinical strokes." For fatal strokes, the medical history, hospital records, interviews with next of kin or proxies, and death certificate or National Death Index data were reviewed to adjudicate the cause of death. 30 Strokes were further classified as ischemic or hemorrhagic. Cases were as-myocardial infarction, self-reported health status, and depression symptoms.
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Statistical Analysis
The 17 and allowing a participant's status of cognitive impairment to vary over time. Incident stroke was treated as a timedependent covariate that affects a participant's cognitive test performance in all years after the stroke. 15 The eFigure in the Supplement shows the conceptual model. Descriptive characteristics were compared between participants who did and did not have an incident stroke during follow-up using 2-sample t test with equal variance or χ 2 tests as appropriate. The association of baseline covariates with cognitive function was assessed using linear mixed-effects models that adjusted for baseline cognitive score and years since baseline.
We fit linear mixed-effects models to measure changes in cognitive function over time after adjusting for participant factors including baseline cognitive score. The models included random effects for intercept and slope to accommodate correlation of cognitive measures within participants over time and to allow participant-specific rates of cognitive change.
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We analyzed each dependent variable separately. Cognition was censored at the time of second incident stroke, death, loss to follow-up, or the end of follow-up. Time was expressed as the years from the date of the first measurement of the cognitive outcome. Generalized linear mixed-effects models for a binary outcome were used for estimating the odds of incident cognitive impairment (SIS score <5).
Model A included a time-varying incident stroke variable to estimate the effect of incident stroke on the acute decline in cognitive function at the time of the event (the value changes from 0 to 1 on the date of the incident stroke) because stroke is associated with an acute decline in cognitive function. The acute decline in cognitive function at the time of stroke was estimated based on the fitted model, which included the first set of routinely administered cognitive function tests after a stroke event as well as all other cognitive function tests administered before and after stroke. 9, 36 For this study, the first cognitive assessment after stroke is considered the acute component or early/mid-stage recovery. Model B included the variables from Model A and added a time after stroke covariate to estimate the effect of incident stroke on the decline in cognitive function over the years following the event. This variable indicates the rate of change in cognitive function (slope) after incident stroke. Models included demographics, vascular risk factors, and clinical factors. Age, sex, race, education, region, and baseline cognitive score were retained in all models regardless of statistical significance. Other variables that did not reach statistical significance (defined as P < .05) were removed from the final models; these were marital status, urban/rural residence, hyperlipidemia, atrial fibrillation, body mass index, physical activity, and diastolic blood pressure.
After selecting the final, parsimonious model, we calculated participant-specific (conditional) predicted values for each cognitive score and participant-specific predicted probabilities of incident cognitive impairment (SIS score <5) over time for a 70-year-old black woman with the average values of all covariates at baseline (high school education, stroke belt residence, income <$20 000, never smoker, no alcohol use, systolic blood pressure 135 mm Hg, diabetes present, waist circumference 95 cm, no self-reported stroke, 4-item Center for Epidemiologic Studies Depression Scale score of 0.9 points, fair health status, and SIS score of 5 points) conditional on her experiencing or not experiencing an incident stroke midway through the follow-up period (at year 3). For our exemplar individual, we chose covariate values that were representative for the stroke belt population because it had a higher risk of cognitive decline relative to the remaining population. Random effects for this prediction were set to zero.
We included participants who self-reported a baseline history of stroke in the main analysis to allow comparison with a study 15 that included adults with a self-reported history of physician-diagnosed stroke at baseline. We repeated analyses excluding participants who reported a stroke history at baseline and using multiple imputation for missing baseline values of covariates (eMethods in the Supplement).
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Statistical significance for all analyses was set as P < .05 (2-sided). All analyses were performed using Stata version 13.1 (StataCorp).
Results
After excluding the 2639 individuals with baseline cognitive impairment, the 2072 with insufficient information on the primary outcome, the 1887 with missing covariate data, and the 69 with incident stroke before baseline outcome measurement, the study sample included 23 572 participants, 515 of whom experienced incident stroke (470 ischemic, 43 hemorrhagic, and 2 of undeterminable type) over a median follow-up of 6.1 years (interquartile range, 5.0-7.1 years) ( Figure 1 ). There were 306 strokes in 14 632 white participants (2.1%) and 209 strokes in 8940 black participants (2.3%) (absolute difference, 0.2% [95% CI, 0.1% to 0.6%]; P = .2). Stroke incidence was stable over the duration of follow-up (eTable 1 in the Supplement). Excluded participants were more likely than included participants to be older, black, less educated, and current smokers and nondrinkers; excluded participants also were more likely to have lower incomes; diabetes; a history of stroke at baseline; fair or poor health status; higher baseline values of systolic blood pressure, waist circumference, and depressive symptoms; and lower baseline cognitive scores. Table 1 presents baseline characteristics of study participants. Compared with participants who did not experience an incident stroke, those who did were more likely to be older, men, and current smokers and to have diabetes, less education, lower income, and worse health status. Adults who had incident stroke had higher baseline values of systolic blood pressure, waist circumference, and depressive symptom scores and more frequently reported a history of stroke at baseline than those who did not. Baseline prestroke SIS scores were slightly lower among those with than without incident stroke (5.7 vs 5.8 points; absolute difference, 0.04 points [95% CI, 0.002 to 0.08]; P = .04).
There were 61 deaths among the 515 individuals with incident stroke (11.8%) and 1812 deaths among the 23 056 without incident stroke (7.9%) (absolute difference, 4.0% [95% CI, 1.6% to 6.3%]; P = .001). Participants had undergone Because the secondary outcome measures were introduced during follow-up and performed less frequently, the WLL analysis included 10 321 participants, 107 of whom had incident stroke; the WLD analysis included 10 053 participants, 102 of whom had incident stroke; and the AFT analysis included 11 214 participants, 120 of whom had incident stroke. eTable 3 in the Supplement presents the scores for each cognitive test at the end of follow-up by incident stroke status.
Change in Global Cognition After Stroke
Incident stroke was associated with a significant decline in global cognition acutely after stroke and also faster decline in global cognition over the years following the event. Table 2 and Figure 2 show that there was a slight increase in global cognition over time before stroke. Stroke survivors experienced an acute decline in global cognition after stroke (adjusted decline in SIS score, 0.10 points [95% CI, 0.04 to 0.17]; P = .001). In the years following stroke, global cognition declined significantly faster than it did before the stroke (decrease in slope after incident stroke, 0.06 points per year [95% CI, 0.03 to 0.08]; P < .001), resulting in a net negative slope after stroke (prestroke slope: 0.021; poststroke slope: −0.035). eTable 4 in the Supplement presents the unadjusted model.
We also assessed SIS as a binary outcome. Among survivors, the difference in risk of cognitive impairment acutely after stroke, compared with immediately before stroke, was not statistically significant (odds ratio, 1.32 [95% CI, 0.95 to 1.83]); however, there was a significantly faster rate of incident cognitive impairment after stroke compared with the prestroke rate (odds ratio, 1.23 per year [95% CI, 1.10 to 1.38]). For the exemplar individual, a 70-year-old black woman with average values of all covariates at baseline, stroke at year 3 was associated with a greater predicted probability of incident cognitive impairment compared with no stroke at year 3 (19.8% vs 15.7%; absolute difference, 4.0% [95% CI, −1.2% to 9.2%]; P < .10) and at year 6 (23.5% vs 11.1%; absolute difference, 12.4% [95% CI, 7.7% to 17.1%]; P < .001). At the end of follow-up, the frequency of incident cognitive impairment (noncumulative) was greater in stroke survivors than those without stroke (19.2% vs 8.7%; P < .001) (absolute difference, 10.6% [95% CI, 8.1% to 13.0%]; P < .001). Figure 2 show that incident stroke was associated with significant acute declines in new learning and verbal memory after the event (WLL, 1.80 points [95% CI, 0.73 to 2.86]; P = .001; WLD, 0.60 points [95% CI, 0.13 to 1.07]; P = .01). New learning and verbal memory scores increased slightly over time before stroke but less so in black participants (P = .01 for WLL and P = .02 for WLD for race × time interaction term). We did not detect significant changes in the slopes of new learning or verbal memory after incident stroke compared with prestroke slopes (P = .91 for WLL and P = .70 for WLD for change in slope after incident stroke).
Changes in New Learning and Verbal Memory After Stroke
Changes in Executive Function After Stroke
Executive function declined significantly over time before stroke (0.31 points per year [95% CI, 0.27 to 0.35]; P < .001) ( Table 3) . Stroke was associated with an acute decline in executive function (0.90 points [95% CI, 0.23 to 1.57]; P = .009) in Model A but not in Model B (Table 3 ). In the 
Sensitivity Analyses
Results were similar in analyses excluding individuals with baseline history of stroke, imputing missing values of baseline covariates, adjusting for baseline renal function and history of myocardial infarction, and adjusting for death (eTables 5-8 in the Supplement). Cognitive changes after stroke persisted if participants were required to have 2 or more follow-up cognitive measures, but some changes in secondary outcomes were no longer statistically significant (eTable 9 in the Supplement). In analyses including stroke type, results for ischemic stroke were similar; results for hemorrhagic stroke were consistent, although some were no longer statistically significant (eTable 10 in the Supplement).
Discussion
In this national cohort of black and white US residents 45 years or older, incident stroke was associated with accelerated and persistent declines in global cognition and executive function, after accounting for individuals' cognitive changes before and acutely after the event. Stroke survivors had a significantly faster rate of incident cognitive impairment after stroke compared with the prestroke rate (odds ratio, 1.23 per year [95% CI, 1.10 to 1.38]; P < .001), controlling for the odds of developing cognitive impairment before or acutely after the event. We found significant, acute declines in new learning and verbal memory after stroke but no acceleration of prestroke rates of change in these functions. Our data suggest that cognitive function declines both acutely and over the long term after incident stroke. Several studies 9, 13, 14 have suggested that cognitive decline does not accelerate after stroke, unless a recurrent stroke occurs. Our re- [unimpaired]). Linear mixed-effects models included a random intercept, calendar time, and adjustment for time-varying incident stroke, time since incident stroke, and baseline values of cognitive scores, age, sex, race, education, region, systolic blood pressure, cigarette smoking, waist circumference, diabetes, self-reported stroke, depressive symptoms, income, alcohol use, self-reported health status, and a random effect for slope. c Generalized linear mixed-effects models for a binary outcome were used for estimating the odds of incident cognitive impairment. Participant-specific (conditional) predicted values of cognition were calculated for a 70-year-old black woman with the average values of all covariates at baseline (high school education, stroke belt residence, income <$20 000, never smoker, no alcohol use, systolic blood pressure 135 mm Hg, diabetes present, waist circumference 95 cm, no self-reported stroke, Center for Epidemiologic Studies Depression Scale score of 0.9 points, fair health status, and Six-Item Screener [SIS] score of 5 points). Random effects for this prediction were set to zero. Linear mixed-effects models included a random intercept, random slope, and calendar time and adjust for time-varying incident stroke, time since incident stroke, and baseline values of cognitive scores, age, sex, race, race × time (Word List Learning [WLL] and Word List Delayed Recall [WLD] only), education, region, systolic blood pressure, cigarette smoking, waist circumference, diabetes, self-reported stroke, depressive symptoms, income, alcohol use, and self-reported health status. Black dotted line indicates the trajectory for stroke-free adults; orange dashed line, the trajectory for adults with incident stroke; blue dashed line, the prestroke rate of cognitive decline attributable to cognitive aging. A, The SIS analysis included 515 participants with incident stroke and 23 057 participants without incident stroke during follow-up. The prestroke slope was 0.02 points per year (P < .001); the acute decline after stroke was 0.01 points (P = .001). B, The WLL analysis included 107 participants with incident stroke and 10 214 participants without incident stroke during follow-up. The prestroke slope was 0.22 points per year (P < .001); the acute decline after stroke was 1.80 points (P = .001); there was no change in slope after stroke (P = .91). C, The WLD analysis included 102 participants with incident stroke and 9951 participants without incident stroke during follow-up. The prestroke slope was 0.08 points per year (P < .001); the acute decline after stroke was 0.60 points (P = .01); there was no change in slope after stroke (P = .70). D, The Animal Fluency Test (AFT) analysis included 120 participants with incident stroke and 11 093 participants without incident stroke during follow-up. The prestroke slope was −0.31 points per year (P < .001); there was no acute decline after stroke (the small increase in AFT scores at the time of stroke was not significant [P = .78]); the change in slope after stroke was −0.63 points per year (P = .02). 54 It is unlikely that clinically apparent recurrent strokes or baseline atrial fibrillation explain the long-term cognitive declines that we observed, because we censored cognitive information for participants at the time of recurrent stroke and adjusting for atrial fibrillation did not change our results. Still, stroke survivors may have had subclinical infarcts after their index stroke that contributed to subsequent cognitive decline. 55 We did not have brain imaging data subsequent to the incident stroke. Our findings suggest a scientific need to determine whether the acute and also accelerated long-term cognitive decline are the result of incomplete rehabilitation from the initial stroke, subsequent vascular injury attributable to uncontrolled risk factors, 56 behavioral changes, or other mechanisms. Our study has several strengths. We had longitudinal cognitive assessments in a cohort and stroke subset of sufficient size to estimate before and after differences (and the acute change) in cognitive decline. Incident strokes were expertadjudicated based on medical record review. REGARDS systematically measured cognitive domains commonly affected by stroke: global cognition, learning, memory, and executive function. 3, 57 We accounted for prestroke cognitive decline and acute cognitive declines after stroke to disentangle the association between stroke and longitudinal cognitive decline. Our study has limitations. Results are generalizable only to community-dwelling stroke survivors not requiring a proxy respondent (eg, without aphasia). Although excluded participants had higher prevalence of stroke and dementia risk factors than included participants, these differences would reduce the ability to detect the cognitive effects of stroke. We were unable to control for stroke features (location, laterality, severity 13 ), acute stroke treatments, or heart failure because these data were unavailable. Selective attrition may lead to underestimation of cognitive decline because participants with worse cognition at baseline or after stroke die, drop out, or require a proxy. 58 Analyses that accounted for loss to follow-up or death did not change our results, consistent with research from Salthouse.
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Fewer incident strokes and cognitive observations potentially limited statistical power to detect changes in the secondary outcomes (eg, verbal memory 14, 15 ). The linear mixedeffects models perform well for sparse data with small numbers of repeated measures; still, the results of the secondary outcomes may require confirmatory analysis with more observations of cognition and incident stroke. Although stroke may exacerbate depression, we did not adjust for time-dependent depressive symptom scores because depressive symptoms are often comorbid with cognitive decline and therefore on the causal pathway. The slight increases in global cognition, new learning, and verbal memory over time before stroke may be attributable to practice effects.
39, 60 We did not have data on functional impairments or incident dementia. The approach taken to defining clinically meaningful changes, by using a threshold of change exceeding 0.5 or greater SD, is a common approach, but it does not provide a clear intuition of actual clinical impact, and a clinically meaningful change may vary by an individual's age, education, sex, and baseline cognition. 60 Measurement of poststroke cognition during the early to midstage recovery phase may lead to underestimation of acute cognitive decline. Our study has potential implications for clinical practice, research, and health care policy. Although clinical practice guidelines and quality improvement programs recommend cognitive assessments be performed for patients with stroke before hospital discharge and also in the postacute settings, 61, 62 our results suggest that stroke survivors also warrant monitoring for mounting cognitive impairment over the years after the event. Moreover, our results suggest that long-term cognitive dysfunction is a potential domain for evaluating acute stroke therapies. As adults increasingly survive stroke, 63 cases of poststroke cognitive impairment will multiply. 5 Given that poststroke cognitive impairment increases mortality, morbidity, and health care costs, 64 health systems and payers will need to develop cost-effective systems of care that will best manage the long-term needs and cognitive problems of this increasing and vulnerable stroke survivor population.
Conclusions
Incident stroke was associated with acute decline in cognitive function and also accelerated and persistent cognitive decline over 6 years.
